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EXPRESSION PATTERNS AND FUNCTION OF CHROMATIN PROTEIN
HMGB2 DURINGMESENCHYMAL STEM CELL DIFFERENTIATION
N. Taniguchi, B. Caramés, M. Lotz
The Scripps Res. Inst., La Jolla, CA
Purpose: Differentiation of stem cells into tissue speciﬁc lineages is asso-
ciated with global changes in gene expression patterns. We have recently
demonstrated that expression of the chromatin protein HMGB2 is restricted
to the superﬁcial zone of articular cartilage which contains cells express-
ing mesenchymal stem cell (MSC) markers. HMGB2 expression declines
with age in murine and human cartilage. This study addresses HMGB2
expression patterns in MSC and its role during differentiation.
Methods: HMGB2 expression in human MSC and human articular chondro-
cytes was determined by immunoﬂuorescence assay. MSC pellets (5×105
cells per pellet) were cultured in chondrogenic medium supplemented
with TGFβ3 (10 ng/ml) and BMP2 (100 ng/ml), and differentiation was
assessed by type II collagen and Safranin O staining. HMGB2 expression
was examined by immunohistochemistry and western blotting. Lentivirus
expressing HMGB2 was constructed and prepared using the ViraPower
Lentiviral Expression System (Invitrogen). Mouse bone marrow derived
MSC were established from 6- to 8-week-old mice. At each passage, cells
were analyzed by ﬂow cytometry for CD45, CD44, CD34, CD31, CD105 and
CD90.2. Differentiation assays were performed under chondrogenic and
osteogenic conditions, and type II and X collagen, Runx2 and osteocalcin
were examined by quantitative PCR or in situ hybridization.
Results: Immunoﬂuorescence analysis showed that most human bone
marrow MSC had nuclear staining for HMGB2 (80.1%), while approximately
47.4% of the ﬁrst passage monolayer cultured normal human articular
chondrocytes expressed HMGB2. By western blotting HMGB2 was detected
at high levels in MSC, at much lower levels in human articular chondro-
cytes from young donors and it was barely detectable in chondrocytes from
old donors. During chondrogenic differentiation of MSC in pellet culture,
HMGB2 was highly expressed at days 1 and 3 but it was completely absent
by day 14. To address the role of HMGB2 during chondrogenesis, MSC were
transducted with lentivirus encoding HMGB2. On day 14, safranin O stain-
ing was positive in the center of control pellets, but not in pellets infected
with HMGB2 lentivirus. Type II and X collagen-positive cells were found
extensively in control pellets, but were not detected in HMGB2 lentivirus
pellets. In differentiation assays using MSC from WT and Hmgb2-/- mice,
chondrogenesis was similar between the two types of cells except for type
X collagen that was more strongly expressed in Hmgb2-/- MSC. Runx2
and osteocalcin were also higher in Hmgb2-/- MSC than in WT MSC upon
osteogenesis induction.
Conclusions: These results demonstrate an HMGB2 expression pattern
that is inversely correlated with differentiation status of MSC. As HMGB2
inhibits differentiation it appears to maintain the immature state of adult
stem cells in the normal articular cartilage superﬁcial zone. The aging-
related loss of HMGB2 may represent a mechanism responsible for the
decline in adult cartilage stem cell populations.
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Purpose: The molecular inﬂammation hypothesis of aging implicates the
notion that the molecular activation of proinﬂammatory genes by altered
redox-sensitive cellular signal pathway would serve as a bridge between
normal aging and age-related diseases, such as Osteoarthritis (OA). In this
work, we studied the effect that dysfunction of mitochondrial respiratory
chain (MRC), main cellular source of Reactive Oxygen Species (ROS), could
induce on inﬂammatory response in cultured normal human chondrocytes,
speciﬁcally in IL-8 and COX-2 expression and PGE2.
Methods: Antimycin A (AA; 10 ug/ml) and Oligomycin (Oli; 10 ug/ml)
were employed as inhibitors of complex III and V of MRC, respectively.
IL-1 beta or TNF-alpha were employed as inductors of inﬂammatory re-
sponse. Protein and mRNA IL-8 and COX-2 expression were analyzed by
cytometry and real time PCR, and PGE2 levels were assayed by ELISA. To
identify underlying mechanisms responsible for inﬂammatory response, a
chemical and a natural ROS scavenger, N-Acetyl-L-Cysteine (NAC; 40mM),
and Resveratrol (RESV; 250uM) respectively, were employed. Finally, the
implication of nuclear factor-κB (NF-kB) was studied by the inhibitor
BAY-117085 (5uM).
Results: Firstly, we tested if mitochondrial dysfunction induced by AA
or Oli could modulate the response induced by IL-1β (5, 1.5 and 0.5
ng/ml) on IL-8 expression. The results showed that the pre-treatment of
chondrocytes with AA or Oli for 1h increased signiﬁcantly the expression
of IL-8 induced by IL-1β, both mRNA and protein level (214.06±35.22%
AA+IL-1 or 292.06±49.02% Oli+IL-1 vs. 100% IL-1 1.5ng/ml, n= 6, p<0.01).
Furthermore, these results were conﬁrmed by ELISA (13633±3990 Oli+IL-1
vs. 3648±1701 IL-1, n=4, p<0.05). Similar effects were also observed with
10 ng/ml TNF-α. In addiction, the intensiﬁcation of inﬂammatory effects of
cytokines by mitochondrial dysfunction was counteracted by the addiction
of a chemical and a natural ROS scavenger (10.75±2.97% NAC+AA+IL-1 or
18.10±5.04% RESV+AA+IL-1 vs. 100% AA+IL-1, n= 3, p<0.01). When the role
of NF-kB was investigated, the results showed that the pre-incubation of
cells for 1h with BAY signiﬁcantly reduced to 26.53±16.80% the production
of IL-8 protein induced by AA + IL-1 (100%). Finally, we studied if mitochon-
drial dysfunction could modulate COX-2 expression induced by IL-1β; and
we found that both COX-2 mRNA and protein levels (399.96±79.93% Oli+IL-
1 vs. 100% IL-1 and 90.66±7.97% Oli, n=3, p<0.001) and its product, PGE2
(13522±6845 Oli+IL-1 vs. 1844±1419 IL-1 and 6825±3813 pg/250000cells
Oli, n=3, p<0.01) increased signiﬁcantly in Oli pretreated chondrocytes
stimulated with IL-1β.
Conclusion: These ﬁndings suggest that mitochondrial dysfunction may
be one of the factors that sensitize chondrocytes to increase cytokines-
mediated inﬂammatory response in OA and aging. Furthermore, it is
pointed out the potential use of natural antioxidants, such as Resveratrol,
as an incoming preventive or therapeutic modulator of the inﬂammatory
process.
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α-CATENIN FUNCTIONS AS A NUCLEAR FACTOR TO INHIBIT THE
WNT/β-CATENIN SIGNALING IN ARTICULAR CHONDROCYTES
J. Rhee, J.-S. Chun
Gwangju Inst. of Sci. and Technology, Gwangju, Korea, Republic of
Purpose: Chondrocytes play critical roles in regulating a ﬁne balance
between anabolic and catabolic mechanisms for maintaining optimal ex-
pression levels of extracellular matrix in cartilage. Imbalance between these
mechanisms can result in pathological conditions such as osteoarthritis.
Activation of the Wnt/β-catenin signaling in chondrocytes inhibits type II
collagen expression, which is required for functional cartilage structure,
and promotes expression of many matrix metalloproteases (MMPs) that
triggers catabolic destruction of extracellular matrix in cartilage. The goal
of this study is to examine how α-catenin inhibits the Wnt/β-catenin
signaling, resulting in increased expression levels of type II collagen in
chondrocytes.
Methods: Rabbit and mouse articular chondrocytes were transfected with
various cDNA constructs or α-catenin siRNA and tested for Wnt/β-catenin
transcriptional activity by TOPFLASH assay. Expression levels of type II
collagen and MMPs were examined by RT-PCR and western blot. In ad-
dition, chondrocytes were stained with various antibodies and imaged
with confocal microscope to show nuclear localization of α-catenin and its
binding partners.
Results: α-catenin is localized in the nucleus of chondrocyte, expressing
type II collagen. In addition, direct interaction between α-catenin and
β-catenin is required for inhibitory effects of α-catenin on β-catenin/LEF-
dependent transcriptional activation. Considering that α-catenin does not
contain transcriptional activator or repressor domains, we investigated
whether α-catenin recruits other transcriptional regulators to the β-
catenin/LEF transcriptional complex in articular chondrocytes. As a result,
we found that α-catenin interacts with Gli3R transcriptional repressor in
the nuclear fractions of articular chondrocytes.
Conclusions: It has been well established that α-catenin regulates cell-
cell adhesion in the cadherin/catenin complex at adherent junctions and
controls dynamics of the actin cytoskeletons, which is important for cell
migration. Furthermore, this study demonstrates that α-catenin also func-
tions as a transcriptional regulator for the β-catenin/LEF transcriptional
complex in articular chondrocytes.
